A systematic study has been carried out to assess the underground water contamination and the effect of textile effluents on Noyyal River basin in and around Tiruppur Town. Twenty six sampling locations were selected at random and the ground water samples were collected mostly from tube wells at Noyyal River basin in and around Tiruppur area. The samples were analyzed for major physical and chemical water quality parameters like pH, alkalinity, electrical conductivity (EC), total dissolved solids (TDS), total hardness (TH), Ca, Mg, Na, K, Cl -& SO 4 2-. It was found that the underground water quality was contaminated at few sampling sites due to the industrial discharge of the effluents on to the river or land from the Tiruppur town. The sampling sites namely Orathupalayam, Karuvapalayam, Kulathupalayam, Uttukuli and Kodumanalpudur showed high deviations in total alkalinity, total hardness, Ca, Mg and chloride concentrations. Hence our study concludes that the underground water quality study in this region shows a constant variation in different parameters in different periods (before and after monsoon). So it is highly important to take periodical monitoring of the underground water quality in this region for our future sustainability.
Introduction
Tiruppur is a fast growing industrial city in Coimbatore district of Tamilnadu, also known as the 'Banian City' of India. It is located on the bank of the Noyyal River, a tributary of the River Cauvery. The hosiery industry in Tiruppur provides substantial contribution to the economy in the form of income, employment and foreign exchange generation. However, the rapid growth of the industry has resulted in serious environmental problems, especially from the bleaching and dyeing units. Hence there is evidence to suggest that these units extract considerable quantity of ground water from the peripheral areas and discharge the effluent without adequate treatment. The discharge of effluents has caused severe pollution of both the surface and ground water in the region and has also contaminated agricultural land. The disposal of untreated wastewater on land and the Noyyal River has affected the quality of surface water, ground water and the soil not only in Tiruppur but in downstream. Available studies clearly prove the accumulation effect of pollution in and around Tiruppur and the downstream stretch of Noyyal exhibit high level of TDS and various salts due to industrial pollution.
Figure 1. Noyyal River Basin
Ground water contamination is the result of polluted water infiltrating through the soil and rock and eventually reaching the ground water. This process might take many years and might take place at a distance from the well where the contamination is found. Once the ground water is contaminated, it is very difficult to remediate. No doubt that the new technologies will always reduce the pollution level. But the underground water quality in this basin based on various factors, influx of industrial effluent, influx of water through rainfall, soil, agriculture pattern etc., so we can say that by these factors, the underground water quality can be varied qualitatively and quantitatively. It is useful to examine the above highlighted problems in an environmental economic framework in which the quantity and quality of water resources is a major concern. So our objective is to assess the underground water quality in the Noyyal River Basin with special emphasis on Tiruppur town.
Experimental
During January-February 2007, ground water samples were collected mostly from tube wells at Noyyal River basin in and around Tiruppur area. In some locations where tube wells are not available, water samples were collected from the dug wells. Twenty six sampling locations were selected at random as indicated in the map. (Figure 1 ). The water samples were collected during the daytime between 9 a.m to 4 p.m. They were collected in one liter plastic bottles. Before sampling, the plastic bottles were cleaned thoroughly to remove all surface contamination, rinsed with double distilled water and dried. The collected samples were properly brought to the laboratory without adding any preservative. Suspended matters if any, in the samples, were removed by filtering through Whatmann filter No.41. Then it is stored in the refrigerator at 40°C till the analysis was over. 
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Sampling places Figure 1 . Chloride values of various water samples collected in and around Tiruppur The samples were analyzed for major physical and chemical water quality parameters like pH, alkalinity, electrical conductivity (EC), total dissolved solids (TDS), total hardness (TH), Ca, Mg, Na, K, Cl -& SO 4
2-. The analyses were carried out systematically both volumetrically and by instrumental techniques. The procedures were followed from standard books and manual 1, 2 The pH of the samples was determined using digital pH meter (Model MK VI).Before measuring the pH of the sample water, pH meter standardized using pH buffer of 4.0 and 9.2. Electrical conductivity was measured using an Elico CM-180 conductivity meter and sulphate by turbidimetric method using a spectronic-20 (Bosch and Lamb,USA).
Results and Discussion
Various physico chemical parameters were studied and are given in Table 1 . Different physical parameters studied are appearance, colour, odour, taste, turbidity, Electrical Conductivity and Total Dissolved Solids. Different chemical parameters studied are pH, alkalinity, total hardness, calcium, magnesium, sodium, potassium, chloride and sulphate. The values were compared with the WHO standard values which are given in the same Table. The results indicate that the quality of water considerably varies from location to location. This wide variation is mainly due to salinity and other dissolved materials from the near by dyeing, bleaching and textile industries in the study area.
Of the physical parameters studied, variations were observed for the parameters -electrical conductivity and total dissolved solids. The standard value for Electrical Conductivity is 1500 µS/cm according to WHO 3 Electrical conductivity (EC) of water is a direct function of its total dissolved salts 4 . Hence it is an index to represent the total concentration of soluble salts in water 5 In our study area, the electrical conductivity varied between 2.7 to 551.6 µS/cm. The highest conductivity of 551.6 µS/cm was recorded in the sampling site of Attupalayam was found to exceed the WHO standard. Though the variation is less, it is notable. The reason behind this may be continuous discharge of the chemicals and salts used along with dyes from the industries.
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The salinity can also be measured in terms of electrical conductivity. Occurance of saline water is more frequent in maximum sampling points. Saline water is generally associated with alluvial aquifers which in general, yield water of higher salinity. Moreover, the bicarbonates contamination from the salt which is mixed with the dyes from the textile industries found to increase the electrical conductivity of the water. Sampling places Figure 3 . TDS values of various water samples collected in and around Tiruppur. Out of 26 samples collected in our study area, 12 samples were found to have the highest value of total dissolved solids (TDS) above the permissible limit of 500 to 1500 mg/L. It is worth mentioning here that generally the rocky nature of the earth containing several minerals might be responsible for the high levels of total solids in the groundwater of this region. Moreover the excess TDS values could be due to the dissolved solid waste originated from the discharge of the effluent from the dyeing industries. Particularly the water sample which is collected at Kodumanalpudur showed high TDS value in the range of 6080 mg/L and it is responsible for ground water pollution. High values of TDS in ground water are generally not harmful to human beings but high concentration of these may affect persons, who are suffering from kidney and heart diseases The pH values in the study area vary from 6.96 to 8.5 with the mean value of 7.59 suggesting the alkaline nature of the ground water in the study area. Thus a slight variation was recorded due to the alkalinity of effluent. However the pH value of all the samples falls within the permissible limit 8, 9 .
Alkalinity of water is the capacity to neutralize acidic nature and the presence of carbonates, bicarbonates and hydroxides are the main cause of alkalinity in natural waters. The alkalinity values in the study area found to vary from 165 to 675 mg/L. The alkalinity of ground water samples in Kodumanalpudur, Kodumanal & Orathupalayam found to be greater than 600 mg/L. Alkalinity around 150 mg/L has been found conductive to higher productivity of water bodies 10 . Sampling places Figure 5 . Alkalinity of various water samples collected in and around Tiruppur Of the physical parameters studied, variations were observed for the parameterselectrical conductivity and total dissolved solids. The standard value for Electrical Conductivity is 1500 µS/cm according to WHO. 3 Electrical conductivity (EC) of water is a direct function of its total dissolved salts 4 . Hence it is an index to represent the total . In our study area, the electrical conductivity varied between 2.7 to 551.6 µS/cm. The highest conductivity of 551.6 µS/cm was recorded in the sampling site of Attupalayam was found to exceed the WHO standard. Though the variation is less, it is notable. The reason behind this may be continuous discharge of the chemicals and salts used along with dyes from the industries.
Based on the EC values, the ground water quality can be classified as poor, medium and good. The water samples collected in the sampling sites of Peelamedu, Mangalam, Avinashi, Orathupalayam, Karuvapalayam, Tiruppur-RS, Padiyur, Marur, Kodumanalpudur, Maravanpalayam, Kodumanal, Palayakottai, Kuppichipalayam, Chinnamuthur, Velayutahmpalayam, Pudur and Attupalayam showed a very high value of electrical conductivity in the range of 27 to 66.7µS/cm and hence they are said to be of poor quality. Water samples collected in the sampling sites namely Vallipalayam, Kulatthupalayam, Kovilur, Sivagiripudur, Uttukkuli and Pallarpalayam showed value of electrical conductivity in the range of 10 to 25µS/cm and they are said to be of medium quality. Water samples collected in the sampling sites of Somanur, Rayapuram and Tiruppur New BS are found to have very low electrical conductivity in the range of 1 to 10 µS/cm and they are said to be of good quality. . EC values of various water samples collected in and around Tiruppur. The total hardness (TH) in the study area found to vary from 225 to 1900 mg/L with mean value of 753. Only one sample were found within desirable limit of 300 mg/L, 40% samples were found within maximum permissible limit of 600mg/L and about 60% samples crossed the maximum permissible limit. Among this the water samples collected at Kulathupalayam and Kodumanalpudur was found to be very higher than the permissible limit. It clearly indicates that the effluent has affected the ground water. Though it affects the ground water, it has no adverse effect on human health. In most of the samples, total hardness value exceeds the tolerance limit; this may be due to industrial discharge of the effluents on to the land.
Chloride is a widely distributed element in all types of rocks in one or the other form. Its affinity towards sodium is high. Therefore, its concentration is high in ground waters, where the temperature is high and rainfall is less. Soil porosity and permeability also has a key role in building up the chlorides concentration Calcium, magnesium and total hardness in the water are inter-related. An important source of calcium is the dissolution of small quantities of carbonate compounds from industries. Calcium concentrations varied from 20 to 290 mg/L in the study area. However, the calcium in Ca equivalent value falls within the permissible limit except the two samples collected at Kodumanalpudur & Uttukuli. The value was found to be 290 and 216 mg/L respectively.
Magnesium usually occurs in lesser concentration than calcium due to the fact that the dissolution of magnesium rich minerals is slow process and that of calcium is more abundant in the earth's crust. 13 Magnesium concentrations varied from 15 to 282 mg/L in the study area. All values lies within the desirable limit except few samples. The desirable magnesium value for drinking water prescribed by WHO is 150 mg/L. The water samples collected from Karuvapalayam, Kalatthupalayam and Kodumanalpudur was found to have 180, 241 & 282 mg/L of Mg concentration respectively which beyond the limit of WHO value.
Sodium occurs as a major cation in water samples. The concentration of sodium in the study area ranged from 50 to 1310 mg/L with the mean value of 403 mg/L. The sodium concentration more than 50 mg/L makes the water unsuitable for domestic use. The sodium concentration was observed to be higher at few sampling sites namely Marur, Kodumanalpudur, Kodumanal and Palayakottai.
Potassium is though a minor element in ground water, the concentration of potassium in ground water varied from 5 to 311 mg/L with the mean value of 38 mg/L. Its abnormal concentration is found in the sampling site of Vallipalayam.
No cyanide was identified even in trace amounts. This may be due to the absence of major cyanide based chemical industries in our focus area. The sulphate concentration varied from 26 to 337 mg/L in the study area did not show any remarkable deviation and were very much within the tolerance limit.
17 samples out of 26 samples tested found to have DO value greater than the permissible limits. This may be attributed to the seepage of effluents from the industries in to the ground water. But this value does not have any impact since it is not directly consumed by aquatic animals 14 .
On the basis of the obtained values for various physico-chemical parameters, the sampling sites namely Orathupalayam, Karuvapalayam, Kulathupalayam, Uttukuli and Kodumanalpudur showed high deviations in total alkalinity, total hardness, Ca, Mg and chloride concentrations. Only slight variations were recorded in alkalinity, total hardness and total dissolved solids for other samples. High concentrations of sodium, potassium and chlorides were observed at few sampling places but they were not at any risk conditions. Sulphate and Cyanide values for all the water samples did not show any remarkable deviation and were very much within the tolerance limit. Few samples were reported with higher DO values than the permissible limits, but this value does not have any impact for the underground water.
Conclusions
Among 26 water samples analyzed, except few samples, all other samples were found to have the values according to the standard values prescribed by WHO for all the parameters. It was also found that the underground water quality was contaminated at few sampling sites due to the industrial discharge of the effluents on to the river or land from the Tiruppur town. It is because of soil porosity, permeability and also the rocks nature of those particular sampling places. From the analyses, it will be logical to say that the textile effluent from the industrial area of Tiruppur town has its impact on the quality of underground water in some sampling sites of our study area. Hence the results suggest that the underground water may be altered in future due to excess population, urbanization and rapid industrialization of this catchment area. Therefore, there should be proper disposal of solid slurry after treatment as well as recycling of wastewater along with periodical monitoring of the underground water. It is some of relevant ingredients of management strategies for Tiruppur area.
Hence our study concludes that the underground water quality study in this region shows a constant variation in different parameters in different periods (before and after monsoon). So it is highly important to take periodical monitoring of the underground water quality in this region for our future sustainability.
